Three wild strains of C. acutatum have been investigated for their phytotoxic secondary metabolites involved in anthracnose disease. In addition to known compounds, a new macrolide 6 has been isolated and characterized by spectroscopic analysis.
Species of the anamorphic genus Colletotrichum
are implicated in plant diseases, generally referred to as anthracnoses, throughout the world [1] . In fact, the various Colletotrichum species comprise the most destructive post-harvest pathogens of a wide range of plants, including cereals, legumes, fruits, and vegetables. Strawberries are a particularly susceptible host, suffering a variety of Colletotrichum-triggered diseases, including wilts, rots, and anthracnose [2] .
The symptoms of anthracnose are stunting and chlorosis and the appearance of dark and necrotic spots and yellow-orange masses of spores on plant tissues. This pathogen is present in many important areas around whole the world, Colletotrichum produces important losses in France, [3a] in southern Europe, specially in Huelva, Spain [3b] .
Work is in progress with the aim to develop a rapid diagnostic test for Colletotrichum species, especially those associated with strawberry diseases [3c,3d] . Colletotrichum acutatum, one of the species implicated, is subject to a statutory quarantine requirement (EC Directive 77/93). An essential prerequisite to the development of a diagnostic test is the unambiguous characterization of the different species and populations, so that the various taxa implicated can be properly defined [3d] .
With this in mind chemical characterization of secondary metabolites isolated from different species may help shed further light on the identification of different species and populations of this phytopathogenic genus and could clarify the role that secondary metabolites play in the infection mechanism. The latter issue has been the focus of previous studies [3e]. It is well documented, that Colletotrichum sp. are known to produce phytotoxic metabolites, which induce symptoms similar to those of the pathogens themselves. Some of these metabolites have been used to screen for resistance and have shown to play a significant role in the pathogenesis [4a-4d] .
This work investigates the secondary metabolites from three wild strains of Colletotrichum acutatum: IMI 348489, IMI 364856 and UCA 1028.
Fresh mycelium of the C. acutatum strains, obtained from Petri dishes incubated for 7 days, were inoculated in Erlenmeyer flasks each containing PDB medium and fermented in an orbital shaker as described. The extracts obtained from different fermentations were subjected to chromatography (silica gel) and the fractions obtained (F1-F8) were, where appropriate, further purified by HPLC yielding compounds 1-6 ( Table 1 ). The chemical structures of these compounds were elucidated on the basis of extensive 1 and 2D NMR and MS spectra. 
IMI 348489
4 (F2, F3, F5, F8) IMI 364856 1, 2 (F5, F6); 3 (F3, F4, F5), 4 (F6, F7), 6 (F6) UCA1028 1, 4, 5, 6 (F5) Compounds 1 and 2, isolated from C. acutatum IMI 364856, corresponded to known fungal metabolites tyrosol 1 and 4-hydroxybenzylic alcohol 2 [5a] . Fractions F-3, F-4 and F-5 yielded a compound whose spectroscopic data and optical rotation [α] D 25 = -9 (c, 1.5 mg/mL CHCl 3 ), were coincident with that reported for (4R)-4,8-dihydroxy-α-tetralone 3 ((-)isosclerone) [5a,5b] .
Compound 4 was isolated from the three strains as yellow oil, presenting physical and spectroscopic constants identical to those showed by the melanin biosynthetic intermediate, 4-hydroxy-6deoxyscytalone 4. The coupling constant between protons H-3 and H-4 (J = 2,9 Hz) in conjunction with a positive optical rotation ([α] D 25 = +2 (CHCl 3 )), suggested an axial-equatorial arrangement coincident with data reported for (3R, 4S)-4-hydroxy-6deoxyscytalone [5c]. Review of the data of this compound indicated some confusion over configurational assignments. Different values of the optical rotation have been reported for the same absolute configuration [5b,5d] . This compound, also named 3,4-dihydro-3,4,8-trihydroxy-1(2H)naphthalenone, 3-hydroxyisosclerone and 3,4,8trihydroxytetralone (3,4,8-THT) has been reported as a phytotoxic substance originally isolated from Pyricularia [5c,5e].
2,5-dihydroxymethylfurane 5 was isolated from the F-5 of C. acutatum UCA 1028 via column chromatography and subsequent HPLC. The metabolite showed characteristic signals pattern in the 13 C-NMR for a C-2, C-5 substituted furan ring (δ 57.4; 109.7; 152.0) . The singlet at δ 4.58(s, 4H) was assigned to two hydroxymethyl groups. From this data structure 5 was inferred, identical to a dihydromethyl furan produced by Xylaria and Phellinus [5f, 6a] .
The study of F-6 and F-5 of the strains of C. acutatum 364856 and C. acutatum UCA 1028 respectively led the isolation of 6 as a white solid. The IR spectral bands (3377, 1713, 1630, 1330 cm -1 ), all strong, indicated the presence of a hydroxyl group, double bonds and an α,β-unsaturated ester/lactone. The mass spectra indicated a molecular formula C 14 H 20 O 4 with 5 degrees of unsaturation.
The 13 C-NMR spectra and DEPT experiments showed a methyl group, 3 methylene, 3 methine carbons proximal to an oxygenated function, three vinyl carbons and a carbonyl carbon belonging to the ester/lactone group. From these data, along with a quaternary carbon (δ C 166.4 ppm), a monocyclic lactone with 3 double bonds structure 6 was inferred.
A signal at δ H 7.02 ppm for a vinylic C-H indicated that the double bond was conjugated with the carbonyl group. The relative arrangement of the other two double bonds and the hydroxyl groups of 6 were confirmed on studying the g-COSY, g-HSQC, g-HMBC and TOCSY spectra. The correlation between the signal at δ H 7.02 and a vinyl proton at δ H 5.90 (H-2) and with a proton joined to a hydroxylic carbon at δ H 5.27 (H-4) was determined in g-COSY.
The proton H-4 was also correlated with another double bond at δ H 5.53, δ C 132.0 and δ H 5.46, δ C 131.2 ppm respectively in g-HMBC spectra. Both protons were correlated in g-COSY and g-HMBC spectra with a signal of a proton geminal to a hydroxyl group at δ H 4.81 and δ C 70.6 ppm, which correlated it with another double bound at δ H 5.48, δ H 5.85, δ C 130.2 and δ C 131.4 respectively. A signal of a methyl group at δ H 1.24 coupled with a proton at δ H = 4.75 was observed. This last proton also showed coupling with the carbonyl group of the lactone at δ C 166.4 in g-HMBC spectra and with 3 CH 2 groups in TOCSY spectra. All these data indicated a -CH 2 -CH 2 -CH 2 -CH(CH 3 )-O-CO-fragment in the molecule. In conclusion, a structure of 4,7-dihydroxy-13tetradeca-2,5,8-trienolide was proposed for the compound 6. The comparison of spectroscopy data with the literature indicated that 6 should be an isomer of known lactones mutolide [6b] and nigrosporolide [6c] the principal difference being the configuration of double bonds which were determined for compound 6 as 2E, 5Z and 8E by inspection of coupling constants (J 2-3 = 15.6, J 5-6 = 11.4 and J 8-9 = 15. 2 Hz) .
The study of the nOe spectra showed a cis disposition for the hydroxyl groups. The irradiation of the signal corresponding to H-3 produced a nOe effect in the signals of the protons H-4, H-7 and H-9, while the irradiation of H-7 produced a positive effect in H-4, H-9 and H-3. Irradiation of H-13, produced a unique nOe effect on geminal methyl group.
Unfortunately 6 was isolated in insufficient amount to determinate the absolute configuration of the three chiral centers of the molecule.
Experimental
General experimental procedures: IR spectra were recorded on a Perkin-Elmer FT-IR System Spectrum BX spectrophotometer. The NMR spectra were recorded CDCl 3 on a Varian Inova-400 MHz spectrometer or a Varian Inova-600 MHz spectrometer. Chemical shifts were expressed in δ values relative to a solvent resonance lines. Mass spectra were determinate with a Voyager (Termoquest) spectrometer. TLC was performed on Merck Kiesegel 60 F 254 , 0.2 mm thick Silica gel 60PF 254 (60-100 mesh, Merck) was used for column chromatography. HPLC was performed with a Hitachi/Merck L-6270 apparatus equipped with an UV-VIS detector (L 4250) and a differential refractometer detector (RI-71), using a silica gel column (Hibar 60, 7 m, 1 cm wide, 25 cm long). All solvents used were freshly distilled.
Organism and Culture Conditions:
In this study three independent wild strains, C. acutatum IMI 348489, C. acutatum IMI 364856 and C. acutatum UCA 1028 were used. The strains C. acutatum IMI 348489 and IMI 364856 were isolated from strawberry plants in France and Spain respectively [3d] . Strain C. acutatum UCA 1028 was isolated from strawberry growing in Conil, Cádiz. This culture of C. acutatum is deposited in the University of Cádiz, Science Faculty Mycological Herbarium.
Each strain of C. acutatum was cultured in Petri dishes containing potato dextrose agar (PDA) and incubated (7 days) with permanent diffuse light from fluorescent lamps at 25ºC. After this period, fresh mycelium was inoculated and cultured in Erlenmeyer flasks each containing potato dextrose broth medium. The Erlenmeyers were incubated and fermented for 7 days in orbital shaker at 140 rpm and 25ºC, with permanent diffuse light from fluorescent lamps.
Extraction and Isolation: Resultant broths were filtered (Nylon 200 µm) and the culture liquid (2-3 L) was saturated (NaCl), and the aqueous phase was then extracted (EtOAc). This extract was washed (H 2 O) and then dried (anh. Na 2 SO 4 ). Evaporation of the solvent in vacuo gave a yellow oil that was separated by column chromatography (silica gel with ethyl acetate/petroleum ether of increasing polarity; 10, 20, 30, 40, 50, 60, 80 and 100 % ethyl acetate) to obtain eight fractions F-1 to F-8.
The fractions were collected and purified by normal phase high-pressure liquid chromatography (HPLC) [LiChrospher Si-60 analytical silica column (0,4x25 cm), refraction index and UV detectors, λ=254 nm, 1 mL/min.], yielding to: from C. acutatum IMI 348489 compound 4 (10.4 mg), C. acutatum IMI 364856 1 (6.3 mg), 2 (0.5 mg), 3 (6.3 mg), 4 (1.4 mg), 6 (0.7 mg) and C. acutatum UCA 1028 1 (11 mg), 4 (8.4 mg), 5 (7 mg) and 6 (0.4 mg). The chemical structure of these compounds was elucidated on the basis of 1 and 2D NMR and MS spectra. (6) [α] D 23 : -4.4 (c 0.4 mg/mL, CHCl 3 ). IR (KBr): 3377, 2925, 1713, 1330, 1175 cm -1 . 1 H NMR (400 MHz, CDCl 3 ): 7.02 (1H, dd, J 3-2 = 15.6 Hz, J 3-4 = 1.7 Hz, H-3), 5.90 (1H, d, J 2-4 = 1.7 Hz, J 2-3 = 15.6 Hz, H-2), 5.85 (1H, ddd, J 9-8 = 15.2 Hz, J 9-10 = 9.5 Hz, J 9-10 ' = 5.3 Hz, H-9), 5.53 (1 H, dd, 5.46 (1H, m, 5.48 (1H, m, 5.27 (1H, m, 
4,7-dihydroxy-13-tretradeca-1,5-dienolide

